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Sensitivity and Specificity of Intracoronary Injection of Acetylcholine
for the Induction of Coronary Artery Spasm
KEN OKUMURA, MD, HIROFUMI YASUE. M D . KOSHI M ATSUYAMA . M D .
KAZUO GOTO, MD, HIROO MIYAGI . MD, HISAO OGAWA, MD .
KOZABURO MATSUYAMA, MD
Kamnmntu. Jape,,
Intracoronary injection of acetylcholine has been shown In
induce coronary spasm in patients with variant angina . To
examine its sensitivity and specificity, incremental doses of
acetylcholine (20, 50 and 100 gag into the left coronary
artery and 20 and 50 fag into the right coronary artery)
were injected into the coronary artery or arteries in 70
patients with variant angina (Group 11 (mean' 'age 57 years)
and 93 patients without variant angina or angina at rest
(Group 2) (mean age 54 years) . f ort2 patients of the latter
group had atypical chest pain, 16 eardiomyopathy, 14
arrhythmia, I I valvular disease, 7 stahle effort angina due
to advanced coronary artery disease, 3 congenital heart
disease and 2 hypertension . A temporary cardiac pace.
maker set at 40 to 50 beatslmin was positioned in the right
Provocative testing for coronary artery spasm is required to
clarify its role in the pathogenesis of angina pectoris . espe-
cially in patients without significant coronary artery disease
(1) .
There have been several agents or procedures reported
that induce coronary spasm in patients with variant angina
(2-15) . Intravenous administration of ergonovine maieate is
the most popular among the drugs or procedures currently
used to induce coronary spasm during angiographic study
(1,10-!2) . Its sensitivity and specificity for the induction of
coronary spasm arc remar~<abiy high (>90%) (1,16)
Recently . we reported (17 .18) that intracoronary injection
of acetylcholine induces coronary spasm in patient .; with
variant angina . Because this method allows us to induce
spasm separately in the left and right coronary a rteries . i t is
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ventricle . Coronary spasm was defined as total occlusion or
severe
vasoconstriction
associated with chest pain or isch-
emie ST changes on the electrocardiogram or both .
In Group I, acetylcholine induced spasm in 63(90(9 % lot
the 70 patients in the artery or arteries predicted to he
respousibte far spontaneous attacks . In Group 2, acetylchc-
fine induced coronary spasm only in one patient with effort
a and advanced coronary artery disease although
lesser degrees of vasoconstriction (575% of the lumioal
diameter) occurred in most patients after acetylcholine
(specificity of acetylcholine thus was 99°c). In conclusion,
intracoronary injection of acetylcholine is sensitive and
reliable for toe induction of coronary spasm .
(J Am Coll Cordial j050 ;5?
;883A)
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useful for the induction of coronary .spasm . particularly in
patients known to have multisessel spasm (18) .
Intravenous
administration of eeg0novine may result in deleterious §e-
modynamic instability in such patients because it may in-
duce spasm simultaneously in both coronary arteries . In the
present study, to establish the sensitivity and sp cificity of
intracoronary injection of acetylcholine for the induction of
coronary spasm, the effects of incremental doses of acelyl-
chohne on the coronary artery diameter were examined in
two groups of patients, one consisting of those known to
have variant angina (that is, coronary spastic angina) and the
other consisting of those without angina at rest
.
Methods
Study patients (Table I) . Two groups of patients were
studied
. Group I consisted of 70 patients (61 men and 9
women with a mean age of 57, ranging from 38 to 72 years)
with variant angina
; they were studied to determine the
sensitivity of the intracoronary injection of acetylcholine for
the induction of coronary spasm. All 70 patients had attacks
of chest pain associated with ST segment elevation on the
a7 P5-1007,0103 .20
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Table 1 . Profiles of Two Groups of Patients and Their Coronary
Arteriographic Findings
-= not present .
electrocardiogram (ECG) occurring at rest, usually from
midnight to early morning
. Group 2 consisted of 93 patients
(64 men and 29 women with a mean age of 54, ranging from
36 to 69 years) without variant angina or angina at rest
; they
were studied to determine the specificity of the method .
Forty patients of this group were studied because of atypical
chest pain that was resistant to sublingual administration of
nitroglycerin. The 12 lead ECG during spontaneous chest
pain in these 40 patients showed no ischemic ST-T changes
and the hyperventilation test failed to induce angina in all 40 .
Sixteen patients in Group 2 had cardiomyopathy, 14 had
cardiac arrhythmia, II had valvular heart disease, 7 had
stable effort angina without episodes of rest angina, 3 had
congenital heart disease and 2 had essential hypertension .
Table I shows the coronary artery lesions determined by
coronary arteriography after administration ofnitroglycerin
in both
groups of patients . In Group 1, 45 patients had
normal or almost normal coronary arteriograms, 7 had
moderate fixed stenosis >25% and <90% of the luminal
diameter in the artery or arteries in which spasm was
induced and 18 had advanced fixed stenosis >_90% of the
luminal diameter
. In Group 2, 82 patients had normal or
almost normal coronary arteriograms, 4 had a moderate
stenosis and the remaining 7, all of whom had effort angina
without angina at rest, had advanced stetosis . In either
Group I or 2, no patient had a history of myocardial
infarction, bronchial asthma or active peptic ulcer
. All drugs
except for nitroglycerin were discontinued for >3 days
before the study and nitroglycerin was also discontinued >-2
h before the study . Written informed consent was obtained
from each patient
.
Intracoronar injection of aeetykholine . Coronary arteri-
ography was performed with the cones technique in the
-ACC Val . 12. No. 4
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morning while patients were in the fasting state . Control
coronary arteriograms of the left coronary artery in the right
anterior oblique projection and of the right coronary artery
in the left anterior oblique projection were obtained by
injection of 8 ml of Urografin 76 (Schering AG) . A USCI
tripolar electrode catheter was inserted into the right ven-
tricular apex by way of the femoral vein and was connected
to a temporary cardiac pacemaker (Medtronic 5375) ; the
pacing rate was set at 40 to 50 beats/min . Relations among
focal spot, the patient and height of the image tube were kept
constant .
Intracoronary injection of acetylcholine was performed
as repoo,
.
.d previously (17,18) . Thus, each of the incremental
doses (20, 50 and 100 pug) of acetylcholine chloride (Daiichi
Seiyaku) dissolved in 5 ml of warmed 0 .9% saline solution
was injected into the left coronary artery over 20 s . The time
interval between each injection was a5 min . Left coronary
angiography was performed when ST segment changes or
chest pain, or both, developed or 1 .5 to 3 min after initiation
of each injection
. Acetylcholine in incremental doses of 20
and 50 pug was injected into the right coronary artery over 20
s and right coronary angiography was performed in the same
way . The time interval between the two injections was also
?5 min. When coronary spasm was induced and did not
resolve spontaneously within 5 min after injection of acetyl-
choline or when hemodynamic instability due to coronary
spasm occurred, 100 to 200
Ag
of nitroglycerin was injected
into the coronary artery involved .
In Group I patients, if coronary spasm was not induced
by intracoronary injection of acetylcholine, 0 .2 mg of ergo-
Bovine maleate was administered intravenously and both the
left and right coronary arteriograms were obtained . In 10
Group 2 patients, the same dose
of ergonovine was admin-
istered intravenously after the study of
intracoronary injec-
tion of acerylcholine. In all patients, coronary arteringrams
after sublingual administration
of nitroglycerin (0.3 mg) were
obtained at the end of the study to estimate the presence and
degree of fixed stenosis .
During the study, arterial blood pressure and three ECG
leads (I, aVF and V3
Or
V4) were continuously monitored on
an oscilloscope with the use of a San-ei polygraph 361 . The
data were also recorded on magnetic tape with a Sony data
recorder (NFR-3000). Six ECG leads (1, 11, aVF, V„ V 3
and
V S ) were continuously recorded for 5 min after the initiation
of injection of acetylcholine, and a standard 12 lead ECG
was recorded at appropriate times with a radiolucent carbon
electrode used as the chest lead electrode
. In the present
study, coronary spasm was defined as total occlusion or
severe vasoconstriction associated with an attack of chest
pain or ischemic ST segment changes on the ECG, or both
(19) .
Data analysis. The diameter of the left anterior descend-
ing coronary artery, left circumflex artery and right coronary
artery at the proximal, mid and distal portions Breach artery
Group I Group
2-
No
. of patients
No. male
Mean age (yr)
(range)
70
61
57 x 8
(38 to 72)
93
64
54x7
(36,.69)
Underlying diseases
Variant angina 70
Atypical chest pain
40
Cardiomyopalhy 16
Arrhythmia 14
Vammar disease 11
Stable eRon angina
Congenital heart disease
Hypertension 2
Coronary adery lesions
Normal or almost normal 45 82
stenosis >25% and <90% 7 4
stenosis 090% 18 7
JACC Vot. 12, No . 4
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Figure 1 . Induction of coronary spasm in n
57
.
year old man . The arteriugram of the
tell coronary artery taken in the right
anterior oblique projection is shown with
electrocardiegraphic leads V, and V, . A,
The left coronary artery is almost normal
at baselitw, B, After intracwa ay hiu.- -
tion of 50 µg of acetylcholine, total occlu-
sion of the left anterior descending artery
(arrow) occurs associated with chest pain
and ST segment elevation . C, Coronary
spasm induced by acetylcholine resolves
spontaneously without administration of
nitroglycerin .
was measured with calipers at end-diastole from 35 mm
coronary cineangiograms that were projected on a 9 x 12 in
.
(22 .9 x 30 .5 cm) screen . The coronary artery diameters were
measured before and after administration of acetylcholine or
ergonovine maleate at the site that showed the greatest
changes after drug administration . When both changes of
vasoconstriction and vasodilation occurred at different por-
tions in one coronary artery after drug administration, the
response of vasoconstriction was counted . Alterations in
coronary artery diameter after acetylcholine or ergonovine
were calculated as the percent change from the control .
Results
Group 1 : Patients With Variant Angina
Induction of coronary spasm by intracoronary injection of
acetylcholine. Coronary spasm was induced in 63 of the 70
patients with variant angina by intracoronary injection of
acetylcholine (i
.e ., sensitivity of this method for the induc-
tion of coronary spasm was 90%) . The coronary spasm
occurred 30 s to 3 min (mostly I to 2 min) after injection of
_acetylcholine . An example of the induction of coronary
spasm by intracoronary injection of acetylcholine is shown
in Figure 1 . The left coronary artcriogram was almost normal
at baseline (Fig
. IA). At I min 30 s after injection of 50 µg of
acetylcholine into the left coronary artery, total occlusion of
the left anterior descending artery developed, associated
with chest pain and ST segment elevation in the precordial
leads (Fig. III) . The coronary spasm then resolved sponta-
neously without administration of nitroglycerin (Fig . IC), In
42 of the 63 patients, coronary spasm resolved spontane-
ously within 5 min after injection of acetylcholine : in the
remaining 21 patients. nitroglycerin was administered to
resolve the coronary spasm.
In the 70 Group I patients, coronary spasm had been
predicted to occur in 95 coronary arteries (44 left coronary
arteries and 51 right coronary arteries) based on the FCG
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findings during spontaneous attacks and two-dimensional
echucardiogmphy and thallium-201 myocardial scintigraphy
recorded during spontaneous attacks or attacks induced by
hyperventilation or exercise . Acetylcholine was injected into
92 of these 95 coronary arteries (43 left and 49 right coronary
arteries), and spasm was induced in 82 (89%) (38 left and 44
right coronary arteries); total occlusion was induced in 42
arteries and subtotal occlusion or severe diffuse vasocon-
striction in 40 . All of these episodes of induced spasm were
associated with both chest pain and ischemic ST segment
changes on the ECG ; 58 episodes (71%) were associated
with ST segment elevation either in the precordial or inferior
leads and 24 (29%) were associated with ST segment depres-
sion. The dose of acetylcholine that resulted in coronary
spasm varied from patient to patient ; for the induction of
spasm in the left coronary artery (in 38 patients), 20 yag of the
drug was used in 7 patients, 50 µg in 15 and 100 µg in 16 . For
the induction of spasm in the right coronary artery (in 44
patients)
. 20 gag of acetylcholine was used in 16 patients and
50
µg in 28. Thus, approximately 50% of the patients
required the maximal dose of acetylcholine for the induction
of coronary spasm (i .e., 100 tag for the left coronary artery
and 50 gg for the right coronary artery)
.
False negative response to acetylcholine . In 7 of the 70
patients, coronary spasm was not induced by intracoronary
injection of acetylcholine even though the maximal dose
used in the study was injected into the coronary artery in
which spasm had been predicted to occur
. Among these
seven patients, two had atria) fibrillation that had been
induced during the manipulation of a catheter in the coro-
nary sinus and persisted during the attempt to induce coro-
nary spasm, one had sinus tachycardia of >120 beats/min
during angiographic study, one had a spontaneous attack just
before the intracoronary injection of acetylcholine and atro-
pine sulfate was then administered because of sinus brady-
cardia and hypotension and one was considered to have a
very low disease activity because a spontaneous attack had
886
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LAD LCX
RCA Total
Figure 2 . Effects of intracoronary injection of acetylcholine on the
luminal diameter in 86 patients of Group 2 arc shown for the left
anterior descending artery (LAD), the left circumflex artery )LCX)
and the right coronary artery (RCA)
. The numbers In each bar
indicate percentage of the arteries showing vasoconstriction of 5o to
7577, 25 to 50% and O to 25% and vasodilation . No coronary spasm
was induced in any of the arteries . See 'ext for discussion .
not occurred in the last 6 months. t o the remaining two
patients, no reasons were noted for the false negative
response to intracoronary acetylcholine . Ergonovine mal-
eate was administered in five of these seven patients and
coronary spasm was induced in three (one with atrial fibril-
lation, one with a spontaneous attack and atropine adminis-
tered and one with a very low disease activity) .
Group 2 : Patients Without Angina At Rest
Intracoronary acetylcholine in patients without advanced
coronary artery disease. All Group 2 patients except for 7
with effort angina, had normal or almost normal coronary
arteries (82 patients) or moderate fixed stenosis (4 patients)
on coronary aneriography . Acetylcholine was injected into
153 coronary arteries in these 86 patients (83 left coronary
arteries and 70 right coronary arteries) ; however. no coro-
nary spasm was induced in any of the arteries . The response
of the artery to acetylcholine varied from vasodilation to
vasoconstriction of <75% of luminal diameter (Fig
. 2) . Thus,
12% of the arteries showed vasoconstriction of 50 to 75%,
29% vasoconstriction of 25 to 50%, 44% vasoconstriction of
<25% and the remaining 14% of arteries showed vasodila-
tion of <25% . These data are consistent with those we have
previously reported (20) .
Intracoronary acetylcholine In patients with advanced cor-
onary artery disease
. All seven patients with effort angina
and without angina at rest had advanced fixed stenosis <90%
of the luminal diameter in at least one coronary artery .
Acetylcholine was injected into 10 coronary arteries with
advanced stenosis (7 left and 3 right coronary arteries)
; it
induced total occlusion at the site of stenosis in only I artery
(the left circumflex artery with 99% stenosis and severe
filling delay) . In the remaining nine arteries, no detectable
changes were noted at the site of stenosis after injection of
IACC vol . 12, No. 4
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acetylcholine and neither chest pain nor ST segment changes
on the ECG developed . Acetylcholine did not induce spasm
when it was injected into four other right coronary arteries
without advanced slenosis (two with 75% stenosis of the
luminal diameter and two with diffuse irregular margins of
the artery and 25 to 50% slenosis). Thus, the specificity of
intracoronary injection of acetylcholine for the induction of
coronary spasm was 99% in Group 2 . Moreover, it was 100%
when the coronary artery did net have advanced fixed
stenosis .
Discussion
The results of our study indicate that intracoronary
injection of acetylcholine is as reliable as ergonovine maleate
as the provocative testing for coronary spasm .
Sensitivity of intracoronary injection of acetylcholine for
the induction of coronary spasm. Variant angina is a typical
form of coronary spastic angina (21-23) . We have previously
reported (17) that intracoronary injection of acetylcholine
induces coronary spasm in patients with variant angina and
have suggested the possible role of the parasympathetic
nervous system in the pathogenesis of coronary spasm . We
also have reported (18) that intracoronary injection of ace-
tylcholine is particularly useful in the study of the patients
with multivessel coronary spasm hecause it allows us to
induce spasm separately in the left and right coronary
arteries. However, the sensitivity and specificity of this
method for the induction of coronary spasm have remained
to be determined . The present study demonstrates a high
sensitivity (90%) of intracoronary injection of acetylcholine
for the induction of coronary spasm in patients with variant
angina.
There have been many reported agents or procedures for
provocative testing for coronary spasm. These include the
cold pressor test (2), the hyperventilation test (3,4), dynamic
(5-7) and static (8,9) exercise tests and administration of
pharmacologic agents such as ergonovine maleate (1,11-12),
methacholine (13,14) and histamine (15) .
Among them, in-
travenous administration of ergonovine maleate has been
accepted to be a highly reliable test for the induction of
coronary spasm in patients with variant angina. On the other
hand, the risk of the provocative test with intravenous
administration of ergonovine has also been pointed out and
even death has been reported (24). A recent report (25)
therefore has suggested that intracoronary injection of small
titrated doses of ergonovine maleate is safer than intrave-
nous administration of the drug, although in that report,
ergonovine was injected into only one coronary artery and
thus it is unclear whether this method is useful for the study
of multivessel coronary spasm .
Because the action of acetylcholine is remarkably short
and the coronary spasm induced resolves spontaneously
within 2 to 3 min in most patients without administration of
cACC Vol . I'- . Nn . a
	
irKCMt1 RA FT AL .
Ocmner I's.:aRi-H 11111Aav OF rURONARV SPASM RY ACETYLCHOLINE
nitroglycerin, it is possible to examine the effect of acetyl-
choline on the contralatcral artery in the absence of any
effect of nitroglycerin . Furthermore, the dose-dependent
effects of acetylcholine can be examined in each coronary
artery individually . The susceptibility of individual arteries
to spasm may differ even in patients with multivessel coro-
nary spasm ; thus the dose of acetylcholine required to
induce spasm may differ among arteries . In our study, no
major complications occurred during and after injection of
acetylcholine although bradyarrhythmias developed during
injection especially when the drug was injected into the right
coronary artery, These bradyarrhythmias . however, were
easily controlled by temporary right ventricular pacing .
which should be available for prompt use in all cases .
Therefore, intracoronary injection of acetylcholine is a quite
useful and safe method for the documentation of coronary
spasm in patients with variant angina, even in patients
known to have multivessel coronary spasm .
In the present stiedv, intromronarv injection of arerylehrr
line jailed lo induce colonel spasm in 7 of
70 parienf
.s ,
ifh
variant angina . In one of them . atropine sulfate was admin-
istered before the injection of acetylcholine whereas in three
patients, atria[ fibrillation or sinus tachycardia was present
during the study . These tachyarrhythmias might be associ-
ated with increased sympathetic tone and thus interfere with
the action of acetylcholine
. One patient had a very low level
of disease
activity.
Specificity of intracoronary injection of acetylcholine for
the induction of coronary spasm
. Our study demonstrated a
remarkably high specificity (99%) of intracoronary acetyl-
choline for the induction of coronary spasm . Thus, acetyl-
choline administered into the coronary arteries according to
the protocol developed at our institution never induced
coronary spasm (total or subtotal occlusion) in any patient
without angina at rest and without advanced coronary artery
disease, although it
caused various degrees of vasoconstric-
tion (not spasm) in most of them
. The specificity of intrave-
nous ergunovine maleate for the induction of coronary
spasm has been reported to be 98% (16) .
Intracoronary injection of acetylcholine. however, re-
sulted in coronary spasm in one of the seven patients with
stable effort angina without episodes of rest angina and with
advanced coronary artery disease . Ludmer et al . (26)
showed that infusion of acetylcholine into the left anterior
descending coronary artery resulted in total occlusion at the
site of stenosis in five of eight patients with advanced
coronary artery disease
. The difference in the incidence of
acetylcholine-induced spasm between their results and ours
seems to have resulted from the differences in methodology .
That is, Ludmer et al, infused incremental doses of acetyl-
choline for 2 min for each dose selectively into the left
anterior descending artery until total occlusion of the artery
occurred or the largest dose (10
-A
M) was reached, whereas
007
we administered acetylcholine simply as a hotels injection
over 20 s into the left and the right coronary arteries
.
Clinical implications . Our study demonstrated both high
sensitivity and high specificity of intracoronary injection of
acetylcholine for the induction of coronary spasm . This
method is simple . safe and reliable for the evaluation of the
role of coronary spasm in the pathogenesis of angina . In
patients with angina at rest in whom ST segment elevation is
demonstrated during the attack, provocative testing for
coronary spasm may not necessarily be required even when
coronary arteriograms are normal . In patients with chest
pain and with normal or almost normal coronary arteries .
however, if the diagnosis of angina is not confirmed by
ischemic ECG changes during pain, provocative testing may
he required (1). Because in such patients the coronary artery
responsible for the spontaneous attacks is not predicted
before the provocative test and, moreover, the incidence of
multivessel coronary spasm is expected to be relatively high .
especially in Japan (18) . we recommend the use of intraco-
ronary injection of acetylcholine as the preferred provoca-
tive test for coronary spasm rather than intravenous admin-
istration of ergonovinc mateate .
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